ABSTRACT
INTRODUCTION
Staphylococcus aureus (S. aureus) is a commensal and pathogenic bacterium in humans. This bacteria is a major cause of bacteremia, infective endocarditis, osteoarticular infections, skin and soft tissue infections, pleural pulmonary infections and other medical-related infections (Tong et al 2015) . S. aureus may colonize the front part of nasal cavity, armpit folds, groin and gastrointestinal tract. Individuals with S. aureus infection are generally infected with bacteria similar to those of colony bacteria (Gordon & Lowy 2008) .
Methicillin-resistant Staphylococcus aureus (MRSA) is a S. aureus whose can not be inhibited by beta-lactam antibiotics. MRSA bacteria have a mecA gene that expresses penicillin-binding protein (PBP)2A as a resistance factor (Gordon & Lowy 2008) . MRSA infection is a worldwide health problem and associated with increased patient morbidity and mortality (Ray et al 2011) . Several countries in Asia have increased prevalence of MRSA infections and many hospitals are endemic with MRSA (Chen & Huang 2014) . Kuntaman et al (2016) showed that MRSA's carrier in Dr Soetomo Hospital, Surabaya, reached 8.1% in 2014. One of the factors causing infection in the hospital is related to the ability of bacteria to form biofilm. S. aureus bacteria is the most common cause of infection due to biofilm by infecting the patient through contaminated medical devices. Biofilm infections caused by S. aureus are usually more severe and difficult to treat. In addition, the biofilm formed can be a reservoir of the spread of infection throughout the body (Otto 2008) . Biofilm formation is a pathogenicity factor in both carrier and commensal Staphylococcus bacteria to cause invasive infections (Jain & Agarwal 2009 ).
Accumulation and intracellular aggregation are important stages of biofilm formation in S. aureus bacteria.
This stage involves polysaccharide intercellular adhesin (PIA) whose formation is mediated by enzymes synthesized by genes at ica locus, mainly icaA and icaD gene (Arciola et al 2012) . icaA gene produce transmembran protein homolog to N-acetylglucosaminyltransferases and icaD gen product needed to optimize activity of icaA product. PIA forms an exopolysaccharide matrix which is an extracellular polymeric substance (EPS) component of a biofilm (O'Gara 2007) . Several studies have demonstrated inconsistency in the detection of ica genes with biofilm formation in MRSA (Eftekhar & Dadaei 2011 , Atshan et al 2012 .
The ability of biofilm formation in MRSA of carrier and clinical isolates is a serious problem. MRSA bacteria has resistance to antibiotics, whereas biofilms have structures that cause antimicrobials not working well. This causes infections of biofilm-forming bacteria increasingly difficult to treat (Rezaei et al 2013) . Research on the prevalence of biofilm formation in MRSA isolates has been done previously in various places and shows varying results. This study aimed to analyze association between icaA, icaD genes and biofilm formation in MRSA carrier and clinical isolates in Dr. Soetomo Hospital, Surabaya.
MATERIALS AND METHODS
This was an observational analytic study with cross sectional design. (Rasita et al 2016) . The isolates were identified as MRSA with routine microbiological examination and mecA gene detection by PCR , Rasita et al 2016 . The bacterial isolates were stored in medium of TSB with 16% glycerol and stored at -80°C before the study was conducted.
PCR was performed to detect the presence of icaA and icaD genes. DNA extraction was performed using TE boiling method . The bacterial colonies were suspended on an ependorf tube containing 100 µl TE buffers. The suspension was heated with thermostat (Eppendorf, North America) in a temperature of 95 OC for 10 minutes. The tubes were then cooled and centrifuged at 10,000 rpm for 10 minutes. The DNA extracts was aspirate from supernatant and stored at -20°C until used. The mixture for PCR reactions was 25 µL consisting of 12.5 µL PCR Mix (GoTaq® Green Master Mix, Promega, Madison, USA), 1 µL each primer, 5 µL bacterial DNA template, and added with distilled water to obtain the expected total volume. icaA primer used was icaA-F primer: 5'-ACACTTGCTGGC GCAGTCAA-3 'and icaA-R: 5'-TCTGGAACCAACA T-3, which produces amplicons of 188 bp (Rohde et al 2001) . The icaD primer used was primer icaD-F: 5'-ATGGTCAAGCCCAGACAGAG-3 'and icaD-R: 5'-CGTGTTTTCAACATTTAATGCAA-3', which produced amplicons of 198 bp (Rohde et al 2001) . DNA amplification performed by using a PCR thermal cycler (Icycler, Biorad Thermal Cycler). The PCR conditions used for icaA amplification were initial denaturation of 94°C for 5 minutes followed with 30 cycles of 94°C for 1 minute denaturation, 55°C for 1 minute annealing, 72°C for 1 minute extension and followed by a final extension of 72°C for 10 minutes. The PCR conditions used for icaD amplification were initial denaturation of 94°C for 5 minutes, followed by 30 cycles of 94°C for 30 seconds denaturation, 55°C for 30 seconds annealing, 72°C for 1 minute (extension) and followed by a final extension of 72°C for 10 minutes . Production of PCR results was visualized in a 1.5% agarose gel and used a 100 bp DNA ladder marker (Genaid, Taiwan). PCR fragments were visualized with electrophoresis (Mupid®-2plus Submarine-type electrophoresis system, Takara, Inc., Japan) and Ethidium Bromide staining (Nacalai Tesque Inc., Kyoto, Japan). DNA bands were observed using a UV trans-illuminator (Spectroline, Spectronic, USA) and being documented (Digibox, Seoul, Korea). The icaA and icaD genes were categorized as one variable because theoretically both genes work together to function optimally. Genes with positive icaA and icaD genes were categorized as positive icaA/D and if one of the genes was negative it was categorized as icaA/D negative.
Biofilm formation was detected by microtiter plate assay method with adjustment (Stepanovic et al 2007; Kawamura et al 2011; . Briefly, the wells of flat-bottomed 96-well polystyrene micro-titer plate (Nunclon Delta Surface, Thermo Fischer Scientific, China) were filled with 180 µl of trypticase soy broth (TSB) (Oxoid, Basingstoke, UK) supplemented with 1% glucose (Merck, Darmstadt, Germany). Furthermore, 20 µl of bacterial suspension equivalent with 0.5 standard MacFarland turbidity was added to the wells. Incubation was carried out for 24 hours at 37°C, then the wells were decanted. The well was washed three times with 300 µl phosphate buffered saline (Oxoid, Basingstoke, UK) pH 7.2 then fixed with 150 µl methanol (Merck, Darmstadt, Germany) for 20 minutes. Micro-titers plate were emptied and left to air dry overnight in an inverted position at room temperature. Staining was done by adding 150 µL 0.1% crystal violet (Merck, Darmstadt, Germany) then the plate was washed and left to dry. The embedded crystal violet were diluted with 150 µL of ethanol (Merck, Darmstadt, Germany) 95% per well then the optical density (OD) was measured using a micro-plate reader (iMark microplate reader, Biorad) with a wavelength of 595 nm. Each assay was performed in a triplicate. Wells were filled with 200 µl TSB supplemented with 1% glucose medium used as negative control. OD samples were calculated to obtain mean OD. OD of negative control was used to calculate optical density cut-off (ODc). ODc value was determined as mean negative control OD + 3 x standard deviation from negative control. OD samples were then categorized as strong biofilm producer (OD>4xODc), intermediate biofilm producer (2xODc<OD< 4xODc), weak biofilm producer (ODc <OD<2xODc) and no biofilm producer (OD<ODc). This study re-categorized strong, moderate and weak biofilm producers into categories of positive biofilm formation. No biofilm producer was included in the category of negative biofilm formation.
The result was analysed using comparative statistics. Statistical analysis was performed using SPSS version 16. P<0.05 was regarded as significant. Variable of this study was icaA/D gene, biofilm formation, carrier and clinical MRSA isolates.
RESULTS
The icaA gene was detected in all (100%) carrier isolates and clinical isolates. The icaD gene was detected in 27 (96.4%) of carrier isolates and all (100%) clinical isolates. Based on re-categorization, there were 97.9% icaA/D positive samples and 2.1% icaA/D negative sample. Fisher exact analysis showed no significant differences in icaA/D gene detection between carrier and clinical isolates.
Carrier isolates belonging to strong biofilm producer were 4 (14.3%) isolates, moderate biofilm producer 10 (35.7%) isolates, and weak biofilm producer 14 (50.0%) isolates. Clinical isolates belonging to strong biofilm producer were as many as 1 (5.3%) isolates, moderate biofilm producer 2 (10.5%) isolates, weak biofilm producer 8 (42.1%) isolates, and no biofilm producer 8 (42.1 %) isolates. Based on re-categorization, all (100%) carrier isolates and 57.9% of clinical isolates were biofilm producer. Fisher exact analysis showed significant differences in biofilm formation between carrier and clinical isolates.
Comparison between presence of icaA/D genes and biofilm formation was analysed. The number of biofilm formation is the total biofilm formation in carrier and clinical isolates, comprising 39 positive samples and 8 biofilm-forming negative samples. The proportion of positive biofilm formation in isolate with positive icaA/D genes was 82.6%. Fisher exact analysis results showed no significant differences between presence of icaA/D genes MRSA with biofilm formation (p = 0.83). 
DISCUSSION
The ica-dependent pathway is the most well understood mechanism in the formation of biofilms in S. aureus and involves ica gene. The icaA and icaD genes play a role in the regulation and formation of PIA. PIA facilitates intracellular accumulation and aggregation stages to further form the exopolysaccharides as a biofilm EPS component (O'Gara 2007) . High detection of the icaA and icaD genes was also found in other studies. Atshan et al (2012) study in the MRSA clinical isolates showed 100% detection of icaA and icaD genes. A study on burn patient isolates in Iran found that all MRSA isolates had icaA and icaD genes (Moghadam et al 2014) . Detection of icaA and icaD genes in S. aureus carrier isolates from hospital staff was 22.2% (Satorres & Alcaraz 2007) .
Primer selection factor for PCR is believed to cause differentiation of icaA and icaD gene detection results in S. aureus. Several studies used icaA and icaD primers from S. epidermidis genetic sequences RP62A where icaA and icaD base sequences showed only 76% and 72% similarity with S. aureus ATCC 35556. This would have different results if S. epidermidis icaA and icaD primers were used in S. aureus (Rohde et al 2001) . This study used a suitable primer for S. aureus genetic sequencing.
Sampling site is also likely to influence the detection of ica gene. Satorres and Alcaraz (2007) study assumes that ica gene is more prevalent in Staphylococcus bacteria isolated from patients and hospital personnel than from healthy individuals and non-hospital communities. High detection of ica gene in this study was probably because all carrier and clinical isolates were obtained from patients at Dr. Soetomo Hospital.
The results of biofilm formation in carrier isolates were similar to those in Iran showing that all MRSA carrier isolates were able to form biofilms (Rezaei et al 2013) .
The results of clinical isolates study were similar to those of MRSA in Tehran where biofilm-producing bacteria were 57.8% and all of them were weak biofilm producers (Eftekhar & Dadaei 2011) . The results of statistical analysis showed significant differences of biofilm formation between carrier and clinical isolates. The ability of biofilm production in carrier isolates was higher than that of clinical isolates. This indicates that carrier isolates have a higher ability to adhere to the environment to perform colonization on the surface of the body. The MRSA carrier is thought to be a persister cell suspected of having higher biofilm production capabilities. MRSA bacteria is a bacteria that is naturally pathogenic and virulent so that it may directly cause infection in humans. This is in contrast to opportunistic bacteria, such as Staphylococcus epidermidis, which requires certain circumstances such as individual immuno-compromised conditions or biofilm formation in the device to cause infection (Otto 2008) .
The statistical test results showed no association between icaA/D genes with biofilm formation in MRSA. This suggests that biofilm formation in MRSA is not only determined by the presence of genes encoding biofilms, in this case the icaA/D genes, but also by other factors. The expression of ica gene can be influenced by environmental factors such as media composition, ethanol, salt content, iron content, and anaerobic environment (Arciola et al 2012) . The expression of the ica gene is also regulated by various genes such as sigma B (sigB), staphylococcal accessory regulator A (SarA), and accessory gene regulator (agr). These genes interact through complex signaling mechanisms for biofilm formation (Serray et al 2016) .
The inability of biofilm formation in bacteria with ica genes may be attributed to various factors, such as point mutations in ica gene (Cramton et al 1999) or ica gene translation regulation problem due to the presence or absence of ica mRNA (Liberto et al 2009) . Defect in early attachment stage also causes bacteria with the ica gene to be unable to form biofilms (Hall-Stoodley et al 2004) . Biofilm formation also occurs in bacteria with negative ica genes which is described by alternative mechanisms of biofilm formation in S. aureus. The formation of ica-independent biofilms involves protein adhesins such as accumulated associate proteins (Aap), biofilm associated proteins (Bap) and fibronectinbinding proteins (FnBP) that facilitate intercellular aggregation and form biofilm matrix components (Arciola et al 2012) . Study by O'Neill et al. (2007) suggest that biofilm formation in MRSA occurs icaindependently and involves protein adhesin. Atshan et al. (2012) argue that differences in genotypic and phenotypic characteristics are due to complex genetic heterogeneity in biofilm formation, not only due to the presence or absence of biofilm forming genes.
CONCLUSION
There were no significant differences in icaA/D genes in carrier and clinical MRSA isolates. The ability of biofilm formation in carrier isolate is significantly different than that of clinical isolate. There was no association between presence of icaA/D genes with biofilm formation in MRSA.
